We sought to assess the clinical features of transient left ventricular (LV) apical ballooning. BACKGROUND Although several cases regarding transient LV apical ballooning have been reported, the etiology remains unknown.
Many previous studies reported several entities that had reversible left ventricular (LV) wall motion abnormalities including ischemic myocardial stunning, subarachnoid hemorrhage, pheochromocytoma crisis, acute myocarditis, and tachycardia-induced cardiomyopathy (1) (2) (3) (4) (5) . Conversely, several cases with a unique morphologic LV feature distinct from the above entities were recently reported in Japan (6, 7) . These cases were as follows: 1) reversible balloon-like LV wall motion abnormality at the apex with hypercontraction of the basal segment (Fig. 1) ; 2) the ST-T segment abnormalities on electrocardiograms (ECG) were similar to acute myocardial infarction (MI) (Fig. 2) ; 3) minimal evidence of coronary circulation abnormality; 4) most cases were induced by physical and emotional stress; and 5) elderly women were common. However, the etiology remains unknown. In the present prospective study, we assessed the clinical features in transient LV apical ballooning.
METHODS
We evaluated 17 consecutive patients (14 women and 3 men) between April 1, 1996, and March 31, 2001 , who met the following inclusion criteria: 1) reversible balloon-like LV wall motion abnormality at the apex with hypercontraction of the basal segment; 2) ST-segment elevation or T-wave inversion in several leads on the ECG, with these abnormalities returning to normal; 3) no history of old MI or valvular heart disease; and 4) no complication of subarachnoid hemorrhage or pheochromocytoma crisis.
Coronary risk factors and triggering factors were investigated from a chart review of medical records combined with the patient questionnaire. The ECG was recorded during the acute phase and was followed until the abnormality disappeared. Echocardiography was performed to clarify balloon-like LV wall motion abnormalities during the acute phase and its recovery. Rest technetium-99m tetrofosmin (TF) quantitative gated single-photon emission computed tomographic myocardial imaging was performed during the acute and chronic phases (8, 9) .
Multiple-plane coronary angiogram (CAG) was obtained in seven cases during the acute phase and in five cases during the chronic phase. In four patients, CAG was performed during the acute and chronic phase. Provocation of epicardial coronary vasospasm was also performed by an intracoronary infusion of acetylcholine in two cases during the acute phase and in five cases during the chronic phase (50 g to the right coronary artery and 100 g to the left coronary artery) to confirm coronary spasm (10) .
During the acute phase, coronary blood flow velocity was measured at the middle portion of the left anterior descending artery with a 0.014-in. Doppler guidewire to evaluate the following parameters: the diastolic to systolic velocity ratio (DSVR), the deceleration time of the diastolic flow velocity (DDT: ms), the early systolic reverse flow (ESRF), and the coronary flow reserve (CFR), which responded to an intracoronary injection of 0.5 mg nitroglycerin and 50 g adenosine 5Ј-triphosphate in three patients on admission (11) (12) (13) . Moreover, myocardial contrast echocardiography (MCE) was performed in one patient during the acute phase (14) . After left ventriculography, endomyocardial biopsy of the LV apex and posterior segment were performed during the acute phase in six patients to determine the underlying cardiac disease pathologically. Viral antibody titers were evaluated on admission and four weeks later in six patients, and a fourfold rise in viral antibody titers was considered significant.
RESULTS
Patients' characteristics and triggering factors. Patients' characteristics are shown in Table 1 . The median age of the patients was 74 years, and 14 of 17 patients were female. There was no cocaine abuse or other drug abuse. Triggering factors were physical stress in 13 patients (77%) and emotional stress in 3 others (18%) ( Table 2) . ECG. The ST-segment elevations were observed in several leads on the ECG during the acute phase in 14 patients (82%), which became negative T waves at a median of 4 days, with a range of 2 to 18 days after the onset (Fig. 2) . The other three patients (18%) revealed inverted T waves in several leads during the acute phase. Deep negative T waves were characteristically seen during the course of recovery. Although there was one patient with transient small Q waves that developed in the II, III, and aVF leads, they disappeared at three months after the onset. A prolonged QTc interval was observed in all patients (median 500 ms, with a range of 436 to 581 ms) (15) . The abnormality on the ECG returned to normal between 97 and 191 days after the onset. Echocardiography. The echocardiography during the acute phase revealed balloon-like LV wall motion abnormalities at the apex with hypercontraction of the basal segment of the ventricle without pericardial effusion. These wall motion abnormalities disappeared at a median of 18 days (range 9 to 53 days) after the onset. Rest TF tomographic myocardial imaging. Rest TF tomographic myocardial imaging was performed in 13 patients during the acute phase. There was a significantly decreased uptake at the apex of the left ventricle in 11 patients (85%). The apical abnormality returned to uniform between 25 and 90 days after the onset (Fig. 3) . Moreover, the end-diastolic image revealed a decreased uptake at the apex of the left ventricle. Angiographic findings. We performed CAGs in seven cases during the acute phase ( Table 3 ). The CAG revealed no significant stenosis nor the slow flow phenomenon in the epicardial coronary artery with a pale myocardium (16) , even in five cases that showed ST-segment elevation when CAG was performed during the acute phase. The coronary vasospasm provocation test was performed in two patients
Abbreviations and Acronyms
CAG ϭ coronary angiogram CFR ϭ coronary flow reserve DDT ϭ deceleration time of the diastolic flow velocity DSVR ϭ diastolic to systolic velocity ratio 738 
Transient LV Apical Ballooning during the acute phase and in five patients during the chronic phase. During the acute phase, the results were negative in one patient, and diffuse vasoconstriction at segment 4AV of the right coronary artery without STsegment elevation was seen in one patient (17, 18) . During the chronic phase, the results were negative in one patient, positive in only one patient at segment 1 of the right coronary artery with ST-segment elevation, and diffuse vasoconstriction was observed in three patients; the vasoconstrictions were at the middle portion of the left anterior descending artery in one patient, the distal portion of the left circumflex artery in one patient, and the distal portion of three coronary arteries in two patients without ST-segment elevation.
Coronary flow velocity spectrum and MCE. The DSVR, DDT, and CFR were median 2.0 (range 1.9 to 3.1), 640 ms (range 620 to 1560 ms), and 2.2 (range 1.3 to 3.6), respectively ( Table 4 ). The ESRF was not observed in any patients. Moreover, MCE revealed a contrast-enhanced myocardium at the apex of the ventricle, which showed LV apical ballooning during the acute phase. Virus antibody titers and cardiac biopsy. There was no patient with a fourfold rise in viral antibody titers. Interstitial fibrosis was a common finding in all patients (Table 5) .
Although small amounts of cell infiltration were recognized in three patients, no significant inflammatory infiltrate or necrosis of adjacent myocytes was seen in patients with acute viral myocarditis (Fig. 4) .
DISCUSSION
In this study, concerning patients with transient LV apical ballooning, the following were observed: 1) a reversible wall motion abnormality; 2) transient ST-T segment abnormalities on the ECG; 3) minimal evidence of epicardial coronary artery stenosis, vasospasm, and disturbance of microcirculation; 4) physical or emotional stress as a triggering factor; and 5) minimal pathologic evidence of acute myocarditis. Clinical features and suggested etiology. Although the histologic findings of the present patients were consistent with those of a previous study, microvascular injury as the etiology of transient LV apical ballooning was not ruled out (7) . Angina pectoris caused by coronary microvascular spasm has been reported (16). However, no present patients revealed angiographic slow flow with ST-segment elevation during the acute phase. The DDT was Ͼ600 ms and was considered within normal levels (11). The DSVR was distributed from 1.9 to 4.1 (median value 2.0) and no ESRF was observed (12) . The CFR was distributed from 1.3 to 3.6; the CFR was considered to represent a relatively small value. Moreover, a contrast-enhanced myocardium at the apex of the ventricle was observed. Thus, the deleterious damage to the coronary microcirculation did not contribute to the etiology. It is suggested that this is the first study of findings of the coronary microcirculation in this entity. A focal coronary vasospasm with ST-segment elevation was induced in only one patient, and diffuse vasoconstriction without ST-segment elevation was observed in four patients (18) . Moreover, discrepancies between the hypokinetic area and coronary artery territories, which induced coronary vasospasm, were observed. Therefore, coronary vasospasm does not contribute to the etiology. A rise in viral antibody titers was not observed. Additionally, significant inflammatory cell infiltration with myocyte damage was not observed in the specimens obtained from endocardial biopsy during the acute phase. Therefore, myocarditis was not suggested to be the etiology. The clinical significance of the interstitial fibrosis was not well defined.
From the above findings, the perfusion abnormality was not considered the cause of the scintigraphic abnormality. The mechanism of uptake of TF by myocytes was reported as via a metabolism-dependent process, and subcellular localization was in the mitochondria (19) . Thus, it was suggested that the scintigraphic abnormality was caused by the abnormalities in the mitochondria. Two patients were without scintigraphic abnormality. Moreover, a scintigraphic abnormality was present in the end-diastolic image. Therefore, the scintigraphic abnormality was not considered as the partial volume effect (9).
Kono et al. (2) suggested that the cause of neurogenic stunned myocardium was an increased local norepinephrine release in the heart after subarachnoid hemorrhage, and was mediated by the direct toxic effect of norepinephrine. The significantly reduced myocardial iodine-123-metaiodobenzylguanidine uptake was observed in patients with pheochromocytoma (20) . In the present study, 16 of 17 patients experienced physical or emotional stress before the onset. Thus, although the exact mechanism of this entity is still unclear, the participation by catecholamines is suggested. Study limitations. Not all patients underwent all the mechanistic studies, and most of the tests were performed in a limited number of patients. However, we accrued novel findings including epicardial coronary artery, coronary vasospasm, coronary microcirculation, and pathologic findings. Although a neurogenic stunned myocardium was suggested as the etiology, further studies in a large group are needed before the present findings can be applied more generally to patients with this entity.
